Abstract. The purpose of this paper is to evaluate the effect of size or dimension changes of reinforced concrete structures, in terms of structural performance and serviceability limit states. A theoretical and design study was carried out to evaluate the structural performance and serviceability of reinforced concrete structures using the European Code of Practice (EC2) and British Code of Practice (BS8110). The analysis required nine different sizes of reinforced concrete beams, with dimension between 150mm x 250mm and 350mm x 250mm. The study showed that dimension changes significantly affected the load-carrying capacity and deflection of reinforced concrete members; regardless of their depth/width ratio. The analysis results also produced an equation (presented here) to assess the performance of reinforced concrete members, based on the codes of practice.
Introduction
Concrete deterioration, not only influences durability, but also adversely effects structural integrity or robustness. Deterioration may be the result of design errors, material incompatibilities [1] , industrial or farming waste, agro-food and breeding waste waters [2] , seawater attack, carbonation, unexpected loads, vibration, repeated freezing and thawing, and the application of de-icer salts throughout winter. Concrete deterioration due to seawater attack ( Figure 1 ) can lead to a dimensional change of concrete sections and then a reduced strength or load carrying capacity of the concrete structure, in terms of ultimate moment. The ultimate moment is the moment produced by the section properties of a beam i.e., effective depth of the beam, compressive strength of the concrete, and the width of the beam [3] . It contrasts with the design moment, which is the moment produced by the permanent load action, or a variable load action, such as imposed, wind, and snow loads etc., which is applied to the beam (as outlined in European Code, EC2). Incompatibilities, in the form of differing strength and modulus elasticity, between repair and substrate concrete can create difficulties. Meanwhile, drying shrinkage of repair materials may reduce longer-term structural efficiency by either initial tensile strain induced in the repair, or due to cracking at the repair or substrate interface [1] . Also, creep of the repair material (under sustained stress) may render the load sharing capacity of the repair less effective over time [4] . 
Size effect investigation
A simple analogy can be used to explain the effect of dimensional change or decrement on ultimate load, by means of a simply supported beam. The same derivations, with several coefficient of stress changes etc., will also lead to the calculation of ultimate moment, based on European Code (EC2) and British Standard (BS8110) [5] . However, in the derivation of either codes (or another code, such as a Japanese code), the following definition remains the same: Two design codes of practice were used to determine the ultimate moment and serviceability of concrete beams with single reinforcement i.e., European Code of practice (EC2) and British Standard code of practice (BS 8110) [5] . In accordance with these codes of practice, the ultimate moment can be calculated as follows:
Where, b = width of the beam section d = effective depth of the beam f ck, f cu = compressive strength of cylinder and cube, respectively In order to assess the effect of size or dimension changes of concrete beams, the material's strength, width of section, and deflection coefficient were fixed, whilst the overall depth of sections was varied using different sized beams (see Tables 1 and 2 ). All concrete beams were analysed as simply supported beams that were subjected to Uniformly Distributed Load (UDL), with a maximum moment at mid-span of wL 2 /8 [6] . Furthermore, the evaluation of structural performance was evaluated based on the following design conditions: (ii) Serviceability parameters
The beams supported a uniformly distributed load, w and the deflection of the beam, for the uncracked section, can be calculated as follows:
Where, K = a constant value that depends on the distribution of bending moments in the member L = the effective span 1/r b = the mid-span curvature for beams, or support curvature for cantilevers Ec = modulus elastic of concrete I = second moment of area M = design moments at mid-span For simply supported beams subjected to a uniformly distributed load (maximum moment = wL 2 /8), the deflection coefficient (K) is taken as 0.104. Tables 1 and 2 . The effect of depth/width ratio or dimension change on the ultimate moment capacity, is illustrated in Figures 3 and 4 , for EC2 and BS8110, respectively. Serviceability versus size effect at mid-span for the concrete beam is shown in the Figure 5 . Similarly, the results for ultimate moment versus defLection is presented in Figure 6 . From this study, the exponential relationship between dimension change (h/b) and ultimate moment can be proposed as follows: 
Conclusions
The theoretical and design study's results show that depth/width ratio or dimension change have significant effects on the ultimate moment capacity and serviceability or deflection of concrete structures. Furthermore, this study reveals that the ultimate moment increases as the h/b of concrete beams increases. However, in terms of serviceability limit state i.e., deflection, it can be seen that the serviceability or deflection of concrete beams decreases as the h/b increases. It can be concluded from this study that the effect of dimension change on ultimate moment capacity and serviceability strongly depends on h/b ratio and on material properties, such as the compressive strength of concrete, as well as the type of concrete beams reinforcement used.
